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Abstract
Fermilab is a U.S. Department of Energy (DOE) high energy physics
research facility, which operates under the requirements and regulations of
DOE facilities. The Beams Division Operations Department is responsible
for safely and efficiently operating the accelerators. As a Federal Agency with
oversight responsibility, DOE issues a range of guidance, directives and
regulations for its contractors to consider or follow in their operations.
Operations organizations generally see such DOE regulation in the form of
limits, procedures, etc., while others take responsibility for the broader
interpretation and labwide implementation of DOE requirements. Over ten
years ago, DOE issued Order 5480.19 titled the ‘Conduct of Operations
Requirements for DOE Facilities.’ This order directly impacted the
Operations Department. Its implementation led to the creation of an
‘Operations Department Conduct of Operations’ (no longer required), which
is kept updated and still in use today. 
We will give an overview of DOE regulation at the laboratory, as related to
accelerator operations. We will also talk about the initial worries of the
Conduct of Operations and describe how it was made to work at Fermilab.
This will hopefully encourage other discussions and encourage the concept of
taking credit for things we do ‘right.’
1. INTRODUCTION
Fermi National Accelerator Laboratory is operated under contract by Universities Research Association
(URA) for the Department Of Energy (DOE). The contract governs how the facility will operate and
provides performance criteria for gauging success. The performance criteria are negotiated annually,
while the contract is typically maintained over a five-year time frame. The contract includes
performance criteria for things like ‘number of lost work days,’ ‘hours of operation,’ ‘integrated
luminosity,’ ‘collective radiation dose,’ etc. The contract also includes the set of all Environment Safety
and Health (ES&H) ‘standards’ that govern both accelerator operations, and work in general at the
laboratory. This set is know as the ‘Work Smart Standard’ (WSS) set and includes State, Federal and
DOE regulations, and directives as well as governmental and professional consensus standards. In
addition to what is in the contract, other DOE directives and guidance can be applicable to accelerator
operations at the laboratory. Some of these DOE directives are geared more toward, or are analogous to,
‘nuclear’ operations and ‘nuclear’ facility requirements. A few of the DOE directives and regulations
are discussed here from some accelerator operations aspects. The DOE WSS process is an approved
method of selecting applicable standards and regulations via peer-review, analysis and consensus.
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2. SOME REGULATIONS AND ORDERS AS SEEN BY OPERATIONS
• DOE Order 420.2 
Safety of Accelerator Facilities
This order calls for identification and analysis of potential hazards and impacts, ensuring training
and qualification of personnel, and adherence to written procedures to maintain safe operations.
The objective is to prevent injuries and illnesses associated with accelerator operations. Used in
conjunction with other ES&H requirements. [1]
Fermilab implements key elements of the Accelerator Safety order via an internal WSS standard
called, ‘Planning and Review of Accelerator Facilities and Their Operations.’ The implementation of
this order and guidance shows up in a number of different ways in the Operations Department. A Safety
Assessment Document (SAD) and DOE approved Accelerator Safety Envelope (ASE) are required.
These documents link to operations in matters like beam intensity limits/operating parameters, access
conditions, radiological, occupational and life safety hazard controls, procedures, shielding
requirements, training, safety system tests, and other areas. A section of the order implementation
guidance deals directly with control room shift operations in the categories of: Organization and
Administration, Shift Routines and Operating Practices, Control Room Activities, Communications,
Operations, Conduct of Research and Development, and Status Control of Equipment and Systems.
Each of these is covered in the Conduct of Operations to be discussed later. DOE 420.2 can be found at:
http://tis.eh.doe.gov/portal/policy.html (select DOE Directives, Current DOE Directives, New Series
Directives, 400 Series.) Additional information and guidance for Accelerator Safety can also be found
at: www.sc.doe.gov/production/er-80/er-83/accelr8r.html
• DOE Order 232.1A 
Occurrence Reporting and Processing of Operations Information
Keeps DOE and others informed of occurrences at the facility that could adversely affect
security, the health and safety of the public, environment, laboratory purpose, etc. [2]
The implementation of this order puts the Operations Department into two different roles, either
the role of responder or data collector. Depending on the type of occurrence the operators may be able
to control the device, system, accelerator, or provide support to prevent further loss, damage, or
potential hazard, etc. The Operations Department may also be required to provide documentation,
graphs, plots, or other information on the events leading to and status of machines/systems at the time
of the occurrence. Depending on the occurrence, the analysis of the occurrence may also result in
changes in practices or procedures for operations. More information on DOE Occurrence Reporting,
including Public access to all final, non-sensitive occurrence reports since 1990, can be found at: http://
tis.eh.doe.gov/oeaf/orps.html
• 10 CFR 835
Occupational Radiation Protection
This is part of the Code of Federal Regulations (CFR) and sets the standards and requirements
for occupational radiation protection. This document incorporates guidance from both the
National Council on Radiation Protection and Measurements (NCRP) and the International
Commission on Radiological Protection (IRCP). [3]
To ensure compliance with this mandatory Federal rule, a DOE-approved ‘Radiation Protection
Plan’ was implemented by the laboratory Environment Safety and Health (ES&H) groups, and its
implementation can also be impacted by accelerator operations. For example, the operators control the
particle beam. If not properly tuned, beam losses can result in higher than necessary residual radiation
in the accelerator enclosures and tunnels. This impacts the area radiological postings, protective
clothing, training, and other access requirements. The operators also control access to accelerator
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enclosures and require workers to sign the appropriate Radiation Work Permits (RWP’s), check
verification of worker training, provide some of the required protective or other equipment, and enforce
other requirements for access.
Operators must also frequently enter the areas for various reasons including search and secure,
and therefore ensure their own adherence to all radiological safety requirements. More information on
DOE Occupational Radiation Protection can be found at: http://tis.eh.doe.gov/whs/rhmwp/
• DOE Order 5480.19
Conduct of Operations (CONOPS) Requirements for DOE Facilities
This DOE order provides standards to improve the quality and uniformity of operations at DOE
facilities. This can include any industrial, research, testing, or production activity. [4]
Sometime around 1985 the Institute of Nuclear Power Operations (INPO) released order ‘85-017
Guidelines for the Conduct of Operations at Nuclear Power Stations.’ It was modified and updated
somewhere around 1988. It was an eighteen-chapter document, where each chapter dealt with a specific
aspect of operations. Late in 1989, the DOE decided to implement a Conduct of Operations program to
improve the quality and uniformity of all its facilities. The INPO document was given as an example
and DOE standards were expected to closely follow it. At first pass, the implications to accelerator
operations looked extremely onerous. Fermilab was not a nuclear facility and didn’t want to be treated
as one. After the initial shock, each chapter was examined and mapped into accelerator operations. The
first versions of the Conduct of Operations for Fermilab were released in late 1989 and early 1990. As it
turned out, many of the guidelines were actually being followed by operations. In some cases things
were already being done in practice and only needed supporting documentation. After reviewing each
chapter, it made sense to put down in writing how the Operations Department does business. This
proved to be useful for new employees and audits alike. A few years ago the laboratory, under
‘Necessary and Sufficient’ and currently under the ‘Work Smart Standards’ program, decided that the
Conduct of Operations was no longer explicitly contractually required. However, employees found it
useful. We recently updated it and asked our department employees to reread it. As you will see some of
the guidelines in the Conduct of Operations also fall in line with the ‘Safety of Accelerator Facilities’
mentioned above. In fact, all of the above orders and regulations are tied into the Conduct of
Operations. I will briefly describe each chapter and you should be able to see the importance to
operations from within and outside the group. The DOE CONOPS order can be found at: http://
tis.eh.doe.gov/portal/policy.html (select DOE Directives, Current DOE Directives, Old Series
Directives, 5400 Series.) Additional standards and supporting guidance (largely geared toward
‘nuclear’ facilities) can be found at: http://tis.eh.doe.gov/techstds/standard/appframe.html (Document
Number Range 1001-2000).
I – Organization and Administration
This chapter covers the department makeup. It describes the job description of different members
of the department and their responsibilities. This chapter also includes things like policies, how to
monitor performance, accountability, management training and planning for safety.
II – Shift Routines and Operating Practices
This chapter covers the way shifts are run and standard practices. Things like: how to get status
reports, respond to status indicators, reset protective devices, and keep the control room civilized;
making operator rounds/tours with inspection sheets (e.g. readings for a system that does not have a
remote readback), who has the authority to control equipment and from where, and what standard
safety practices are used.
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III – Control Room Activities
This chapter sets the stage for acceptable control room activity, materials, and equipment control.
This chapter also suggests limiting operator activities to those related to machine operation, to limit
distractions caused by working on other projects while assigned to the control room.
IV – Communications
This chapter deals with good communication practices. The use of acronyms, radio/telephone
communications, and transfer of instructions to the crew are covered. The proper use of emergency and
public address systems are also discussed. 
V – Control of On-Shift Training
One of the most pressing issues is training new operators. This chapter discusses the training
program, instructor qualification, control of trainees, and assistance from trainees. Also discussed are
the number of trainees per trainer, training documentation, approval, and suspension of training in
certain situations.
VI – Investigation of Abnormal Events
This chapter covers the occurrence of an event from recognition through completion and
trending. It also ties in the reporting requirements of DOE Order 232.1 mentioned earlier.
VII – Notifications
This chapter sets up standards for timely notification of personnel. We must ensure responsive
notification of ES&H concerns. Information must be gathered and transferred in a systematic,
controlled method. An example of this would be in our safety procedures. A periodically reviewed call-
in list is used to make sure proper people are notified. (This chapter tells how things are set up and is not
the actual call-in list.)
VIII – Control of Equipment and System Status
This chapter covers the work on equipment/systems and their return to service. The equipment/
system must be verified and sometimes certified by operations in the form of a prescribed test. The
importance and need for accurate status indicators is also important.
IX – Lockouts and Tagouts
This chapter covers the aspects of the laboratory lockout and tagout procedure. Lockout/tagout
requires a separate training course before use is authorized.
X – Independent Verification
As mentioned earlier, equipment and systems returned to service must be verified as functional.
A device may have to be in the correct configuration, value, or position. It is important to have
independent verification.
XI – Logkeeping
This chapter covers the requirements of logkeeping. We currently use an electronic logbook. It
provides a timestamped, legible, and easily searchable record. It cannot be easily changed, but is
accessible remotely. A hardcopy is printed for use during shift change.
XII – Shift Turnover
This chapter covers the guidelines for a thorough and proper shift turnover. It identifies use of
checklists, document review, and individual turnover.
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XIII – Operations Aspects of Facility Chemistry and Unique Processes
This chapter does not directly apply to our operations. It mainly deals with the monitoring of
plant chemistry data and parameters (e.g. failed reactor fuel systems, systems employing or storing
hazardous and radio-chemicals and gases, corrosion problems, toxic waste systems). Such systems are
generally not a part of accelerator control room operations, or if similar systems do exist, are not
generally monitored by main control room personnel. This chapter also generally stresses the
importance of monitoring, control, and good communications with the technical support groups.
XIV – Required Reading
This chapter covers the use of required reading. It includes acknowledgement of completion,
review, and documentation. Procedures classified as ‘required reading’ must be read, understood, and
signed. Any questions on these procedures can be directed to supervisors. The CONOPS manual would
also be another example.
XV – Shift Orders
This chapter describes the way to communicate short-term information and instructions to the
operating crew. It protects the crew from external requests and distractions. The format content, review,
and removal of old orders are discussed. Shift orders for the weekend crews, are frequently entered into
the electronic logbook by the Operations Department Head or designee. Since it is a logbook entry, it is
dated, signed, reviewed at briefing, etc.
XVI – Operations Procedures
This chapter discusses the use of procedures mainly for safety-related issues during operation.
The topics covered are procedure development, content, changes, review, availability, and use. We have
several types of procedures: Administrative, Safety, and Emergency Response. Each may have different
levels of review and approval. An example of an Emergency Response procedure would be ‘Flammable
Gas Emergency Response Procedure.‘ They are written in flowchart format to make them more portable
and easy to read.
XVII – Operator Aid Postings
This chapter provides guidelines for the proper use of operator aids. A piece of paper taped to the
console, isn’t good enough. Operator aids should be developed, reviewed, approved, and documented.
Temporary directions on how to reset a unique device may be documented and displayed in the control
room provided the proper format is used and approval given.
XVIII – Equipment Labeling
This chapter covers the use of devices labels. A good labeling program provides consistency and
promotes better communications. Some of the important points of this topic are label information,
placement, removal, and replacement.
3. CONCLUSION
Our main goal is to safely and efficiently operate our accelerators. We all have to deal with orders, rules
and regulations. The degree of impact varies, but can usually be traced to a procedure, response, limit,
etc. At first, some regulations/orders may look overwhelming and contradictory to the goals. As
mentioned, the Conduct of Operations and its association with nuclear facilities initially caused
concern. In most cases, given a chance to break down and implement them on our own terms, such
orders and regulations can be turned into something useful and maintainable.
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